A novel in-situ electrochemical oxidation method was applied to the degradation of wastewater containing chlorophenol. Under oxygen sparging, the strong oxidant, hydrogen dioxide, could be in-situ generated through the reduction of oxygen on the surface of the cathode. The removal rate of chlorophenol could be increased 149% when oxygen was induced in the electrochemical cell. The promotion factor was estimated to be about 82.63% according to the pseudo-first-order reaction rate constant (min-1). Important operating parameters such as current density, sparged oxygen rate were investigated. Higher sparged oxygen rate could improve the degradation of chlorophenol. To make full use of oxygen, however, sparged oxygen rate of 0.05 m3/h was adopted in this work. Oxidation-reduction potential could remarkably affect the generation of hydrogen peroxide. It was found that the removal rate of chlorophenol was not in direct proportion to the applied current density. The optimum current density was 3.5 mA/cm 2 when initial chlorophenol concentration was 100 mg/L and sparged oxygen rate was 0.05 m3/h.
INTRODUCTION
With the development of industry, more and more pollutants are discharged into environment, among them, phenolic wastes are typical contaminants considered to be hazardous and top priority toxic pollutants listed by the USEPA. They are toxic even at low concentration. Due to their biorefractory, bioaccumulation and carcinogenic potential, the treatment of these contaminants is very important in environmental protection.
Various technologies and processes have been tried for treating phenolic contaminants. Advanced oxidation processes (AOPs) are attractive methods involving production of the hydroxyl radical ('OH) as a primary oxidant to remove organic matter and to purify water. However, some strong oxidants such as Fenton reagent (Fe2++H202) must be added to accelerate the removal of contaminants in AOPs reaction. Moreover, these strong oxidants cannot be generated in the field and easily decompose, which will result in higher treatment cost (Gau and Chang, 1996; Casero et al., 1997) .
Recently, advanced electrochemical oxidation processes (AEOPs) have been extensively applied to treat various wastewaters (Comninellis and Nerini, 1995; Wu et al., 2002a; 2002b) . They can produce the hydroxyl radicals directly or indirectly by electrode reactions at ambient temperature and atmospheric pressure and provide promising approaches for the prevention of pollution problems. Another advantage is their environmental compatibility because the main reagent, the electron, is a "clean reagent". In addition, they are also attractive because of their versatility for treating various wastewaters, amenability to automation, and high selectivity to prevent the production of unwanted byproducts (Juttner et al., 2000) .
Degradation of phenolic compounds in wastewater is the rather costly part of water treatments. In this work, oxygen was induced in the electrochemical cell. Cheap oxygen was activated and could be reduced to hydrogen peroxide on the surface of the electrode, which has strong oxidation ability. Thus, the strong oxidant could be in-situ yielded. Moreover, in-situ produced hydrogen peroxide is more efficient than that added. The aim of this study was to explore the feasibility of the electrocatalysis process wherein oxygen is sparged. Important operating parameters such as current density and sparged oxygen rate were investigated to determine the optimal values and conditions.
MATERIAL AND METHODES

Apparatus
Electrochemical degradation of 4-chlorophenol was carried out in the electrochemical reactor shown in Fig.1 . The anode used here was a ~PbO2 electrode modified with fluorine resin. The details of the Wu and Zhou (2001) . The cathode was a Ni-Cr-Ti alloy net concentrically assembled in the reactor with a volume of 1 L. The active area of the electrode was 220 cm 2. The simulated wastewater contained a certain amount of chlorophenol and Na2SO4. In every run, oxygen was sparged in suitable quantity into the cathode zone. The wastewater was pumped through the reactor.
Analysis
The determination of chlorophenol and its stable degradation products were carried out on high-performance liquid chromatograph (HPLC, Gilson) by comparing the retention time of the standard compounds. To determine the concentration ofchlorophenol and degradation products, 25 gl aliquots of samples were injected into the HPLC running on mobile phase of acetonitrile / water / concentrated H3PO4 (v/v/v) at 45/55/0.2. The separation was performed using an ODS-18 reversed phase column at flow rate of 1.5 ml/min and column temperature of 25 ~ A UV detector was used with the wavelength set at 254 nm. All samples were immediately analyzed to avoid further reaction. Chloride produced was determined by ion chromatography (Techcomp IC 1000) with DS-plus TM auto suppressor (Alltech, USA). The COD (chemical oxygen demand) was measured according to the standard methods for examination of water and wastewater (APHA, etc., 1995) . The concentration of H202 was analyzed by the standard titration method of potassium permanganate.
RESULTS AND DISCUSSIONS
Improvement of electrocatalysis method with oxygen sparged
Oxygen was applied to the treatment of wastewater containing 4-chlorophenol during the electrocatalysis. Fig.2a shows the improvement of chlorophenol removal rate by three processes: electrocatalysis (EC), electrocatalysis with oxygen sparged (EC+Oz) and oxidation by oxygen without electrocatalysis (02). Fig.2a shows that chlorophenol degradation rate was notably enhanced in the order EC+O2> EC > 02. For instance, after 150 min
